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============

The fast spread and high fatality rate of coronavirus disease 2019 (COVID-19) remind us of the first pandemic in the last century --- the 1918--19 influenza pandemic. Indeed, the SARS-CoV-2 and the 1918 A/H1N1 influenza virus share some common properties:•Similar basic reproductive number (*R* ~0~), ranging from 2 to 4.•Similar patterns of viral shedding from infectious patients ([@bib0095], [@bib0085]), and thus presumably comparable generation intervals. [@bib0095]) reported 'Our analysis suggested that the viral nucleic acid shedding pattern of patients infected with SARS-CoV-2 resembles that of patients with influenza and appears different from that seen in patients infected with SARS-CoV'. In particular, COVID-19 may have a similar latent period to that of influenza.•Comparable dispersion parameter, *k* defined ([@bib0050]), which controls the variance in distribution of the number of secondary cases caused by a typical primary case. A smaller *k* value implies a bigger contribution to total infections from super-spreaders. For instance, 1918 influenza A/H1N1 had a relatively large *k* (= 0.94) ([@bib0025]) compared with severe acute respiratory syndrome (SARS, *k* = 0.16) and Middle-East respiratory syndrome (MERS, *k* = 0.26). It was found that that *k* for COVID-19 may be 0.8 with 95%CI from 0.63, 0.98 ([@bib0040]), thus closer to that for 1918 influenza A/H1N1. However, the study designs behind these estimates may be different (household only versus household and non-household) and confidence intervals are large in some cases. A summary is given in [Table 1](#tbl0005){ref-type="table"} .Table 1Summary of dispersion parameter *k* values from empirical offspring distribution.Table 1VirusStudy designNumber of cases/locationEstimates of *k* (95% confidence interval)ReferenceSARS-CoV-2, 2019Household and non-household9120/mainland China0.8 (0.63, 0.98)[@bib0040]SARS-CoV-2, 2019Household and non-household1038/Hong Kong, China0.45 (0.31, 0.76)[@bib0005]SARS-CoV-2, 2019Household and non-household391/Shenzhen, China0.58 (0.35, 1.18)[@bib0010]A/H1N1, 1918Household7140/Baltimore, USA0.94 (0.59, 1.72)[@bib0025]SARS-CoV, 2003Household and non-household238/Singapore0.16 (0.11, 0.64)Lloyd-Smith et al. (2014)•Comparable case fatality rates (CFR) in some situations. It was conventionally accepted that the CFR for 1918--19 influenza was 2%. For COVID-19, the crude CFR shows a wide range, but covering 2%. The actual infection fatality rate (IFR) could be as low as 0.5% if the medical system does not break down. Here crude CFR means the number of reported deaths divided by the number of reported cases. The IFR means the number of reported deaths divided by the actual number of those infected.

Therefore, it is reasonable to compare the temporal patterns of the 1918--19 influenza and the ongoing COVID-19 pandemics in places where both data are available, e.g., the United Kingdom (UK).

Pneumonia and influenza deaths in London, UK {#sec0010}
============================================

We retrieved weekly mortality data for pneumonia and influenza (P&I) and for all causes in the London boroughs, UK, between January 1911 and December 1921, from our earlier study ([@bib0030]). These data covered three waves (summer, fall, and winter) of the 1918--19 pandemic, and also 2 years of the pre- and post-pandemic periods, as shown in [Figure 1](#fig0005){ref-type="fig"} a. Deaths from P&I and all-causes resumed the usual seasonal pattern after the third wave in early 1919.Figure 1The impact of A/H1N1 1918 influenza in the UK from 1918 to 1919, the pre-pandemic era, and the post-pandemic era. Panel (a) showed the weekly deaths from all causes (black) and pneumonia-influenza-associated deaths (red) in London, UK between January 1916 and December 1921. Panel (b) showed the years of life lost (YLL) between 1911 and 1921, related to pneumonia and influenza (P&I) deaths. (c) The YLL distribution was abnormal in 1914--15 when the First World War (WWI) started. (d) The YLL distribution was also abnormal in 1919--20, which could have been a lasting effect of the 1918--19 pandemic. In all panels, the three waves (summer, fall, and winter) stand out.Figure 1

It is well known that most of the P&I deaths during the 1918--19 pandemic were from the 20--40 years age group, which was different from seasonal influenza. Hence, it would be appropriate to look at the years of life lost (YLL) data ([@bib0055]). [Figure 1](#fig0005){ref-type="fig"}b shows the YLL due to P&I deaths from 1911 to 1921. The three waves stand out (on a logarithmic scale).

[Figure 1](#fig0005){ref-type="fig"}c shows that the YLL data were abnormal in 1914--15 when the First World War (WWI) started (on July 28, 194). [Figure 1](#fig0005){ref-type="fig"}d shows abnormal YLL data for 1919--20, which was a lasting effect of the 1918--19 pandemic.

Overall, [Figure 1](#fig0005){ref-type="fig"} gives a picture of the course of the 1918--19 pandemic, as well as the pre- and post-pandemic periods. It would be useful for researchers interested in carrying out a comparison study. The WWI occurred between July 28, 1914 and November 11, 1918, facilitating the spreading of the virus.

Age-grouped P&I data were chosen for our study, with an assumed maximum age of 80. A comparison of YLL for COVID-19 and 1918--19 influenza should be conducted, since YLL is an important indicator of the severity of a pandemic.

Comparing the epidemic curves for COVID-19 and A/H1N1 1918 {#sec0015}
==========================================================

There are many reasons to compare the current pandemic with the 1918--19 pandemic. We attempted such a preliminary comparison, shown in [Figure 2](#fig0010){ref-type="fig"} .Figure 2Comparisons of COVID-19 and A/H1N1 1918. (a) Comparing COVID-19 estimated infections based on reported cases (assuming 5% reporting ratio, black) with 1918-19 influenza estimated infections (assuming 2% CFR, red) in E&W. (b) Comparing COVID-19 estimated infections based on reported deaths (assuming 0.5% CFR, black) with 1918--19 influenza estimated infections (red) in E&W. The two matched surprisingly well between weeks 7 and 16, and above five cases per 1000 inhabitants in (b). The time-varying crude reproductive numbers are shown in (c,d), based on data in (a,b), respectively.Figure 2

[Figure 2](#fig0010){ref-type="fig"}a compares weekly numbers of reported COVID-19 cases from February 6 to May 25, 2020 with estimated P&I cases from August 1918 to May 1919 in England and Wales (E&W). City-level COVID-19 data were not available to us, but data for E&W were available for both. Reported cases of COVID-19 form only a fraction of actual infections, and thus in order to match the two data sets we assumed a reporting ratio of 5%, i.e., the weekly infections of COVID-19 in [Figure 2](#fig0010){ref-type="fig"}a were 20 times of the weekly reported cases. The weekly infections of A/H1N1 1918 were estimated using weekly recorded P&I deaths divided by a CFR at 2%. A shortcoming is the uncertainty of the 5% (artificial) reporting ratio. Many serological studies have shown that reported cases of COVID-19 are only a small proportion of the actual infections.

We found a 'match' between the COVID-19 wave (in the UK) and the major wave during October 1918 (in E&W), if we aligned the two waves with the same time scale. The week zero started on August 25, 1918 for the 1918 influenza, and February 6, 2020 for the COVID-19. However, this match was artificial without strong evidence because we chose a 5% reporting ratio. We chose to match the ongoing COVID-19 situation to the fall wave in 1918 because the summer wave was very minor and obviously not comparable.

The influenza A/H1N1 epidemic in 1918 had a conventionally accepted CFR of 2% ([@bib0060]); here we treated cases as infections. The infection attack rate (IAR, i.e., the proportion of population being infected) could be estimated given the P&I deaths, and was around 25% from 1918 to 1919, and thus roughly 25% of the E&W population was infected between June 1918 and May 1919, based on the recorded P&I deaths and a CFR at 2%.

The E&W population was 44 million in 1918, compared with 59 million in 2020. By assuming a 0.5% IFR for COVID-19 in 2020 and a 2% IFR for A/H1N1 in 1918, we could calculate and compare the infections based on reported deaths, which should be more reliable than reported cases. [Figure 2](#fig0010){ref-type="fig"}b shows such a comparison, with the 'match' being unexpected.

Here the 0.5% IFR for COVID-19 is a reasonable guess based on a serological study in Gangelt, Germany ([@bib0075]) and observed infection fatality rates in Hong Kong ([@bib0065]) and Singapore ([@bib0070]), where testing was extensive. Furthermore, according to Faust and del Rio ([@bib0020]), the CFR on the *Diamond Princess* cruise ship outbreak was 0.5% after age standardization. The estimated infections per 1000 population are shown in [Figure 2](#fig0010){ref-type="fig"}b. So far, the current COVID-19 wave in E&W matches the major wave of 1918--19 influenza between week 7 and week 16 (indicated by the vertical dotted lines).

[Figures 2](#fig0010){ref-type="fig"}c and 2d show the estimated reproductive number (*R* ~e~) based on data in [Figures 2](#fig0010){ref-type="fig"}a and 2b, respectively. Here, we used a simple way to estimate *R* ~e~, which equals the number of cases in week *i* divided by number of cases in week *i-*1 (preceeding week). This rule of thumb should be acceptable given that the serial intervals of the two viruses are roughly 1 week (5 or 6 days) for COVID-19 ([@bib0090]) and probably the same for the A/H1N1 1918.

The mechanisms (factors) behind the multiple mortality waves in 1918--19 were shown in two previous studies ([@bib0015]; [@bib0030], [@bib0035]). Namely, the on-and-off of public health measures (such as bans on public gatherings) and public behavioral reactions accounted for the following waves. A similar model framework has been applied to COVID-19 in Wuhan, China ([@bib0045]). Hence, it is reasonable to argue that public health measures and public behavioral reactions would have acted in a similar fashion in both pandemics. Although [Figure 2](#fig0010){ref-type="fig"}a may be limited without strong evidence in applying a reporting ratio of 5% without strong evidence, [Figure 2](#fig0010){ref-type="fig"}b was based on an IFR at 0.5%, in line with some references. Nevertheless, the matching of magnitudes (in terms of weekly infections, based on the highest week so far) was unexpected. The matching of durations of the two pandemics spent above a threshold of five infections per 1000 population would appear to be nontrivial. Using a model (simulation) to match COVID-19 would require several assumptions. Here, we used minimal assumptions that included a 0.5% IFR for COVID-19 and a 2% CFR for the influenza epidemic in 1918, and a time shift representing the introduction time of COVID-19 into the UK.

The aforementioned similarities between COVID-19 and the 1918--19 influenza may be partly responsible for the unexpected matching between week 7 and week 16, as shown in [Figure 2](#fig0010){ref-type="fig"}b.

Besides their similarities, 1918--19 influenza and COVID-19 also have differences, including age patterns for infection and mortality, the pre-existing immunity, and vastly different conditions. For example, the age structure for P&I deaths in 1918--19 comprised three peaks, the famous W shape, which were shown in ([@bib0035]). The age structures for infections and deaths of COVID-19 were presented in ([@bib0080]).
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